Vertebral hemangiomas are benign vascular lesions of the vertebral column that occur in 10 to 12% of the general population and become symptomatic in 1% of those afflicted. Pregnancy is a recognized risk factor coinciding with the development of a rapid onset of symptoms from these normally asymptomatic lesions. Symptoms most often occur during the third trimester of pregnancy and most commonly affect the thoracic spinal levels, beginning as radicular or back pain and leg paresthesia, and progressing to spastic paresis with incontinence within weeks. 4, 8, 33, 34 Diagnostic imaging reveals compression of the spinal cord from a vertebral and/or extradural hemangioma. Treatment of these lesions requires consideration of multiple factors, including the location of the spinal cord compression, the speed of neurological decline, the stage of pregnancy, and the potential risks to the fetus from various treatment modalities. The natural history of pregnancy-related vertebral hemangiomas is poorly understood, and no management algorithm is currently available to help direct the timing of surgical treatment.
cent disc spaces or paravertebral soft tissues. Admission CT scanning revealed a honeycomb-patterned C-7 vertebra and large vacuolated spaces within the entire spinal column, including posterior elements (Fig. 2) . These findings were consistent with a vertebral hemangioma.
Initial Treatment. The patient was initially given glucocorticoid boluses (4 mg Decadron intravenously every 6 hours) and remained stable for 3 days on bedrest. On Day 4 of her hospitalization, she experienced a decline in motor function, prompting emergency decompression. Repeated MR imaging performed at that time revealed no changes in the lesion.
Operation. Anterior cervical corpectomy was performed through a wide, low-anterior neck dissection. Care was taken to preserve the right recurrent laryngeal nerve. Continuous fetal heart monitoring was performed by an obstetric nurse during surgery. There were no signs of fetal distress during the operation. Extensive bleeding was encountered during corpectomy; an estimated blood loss of approximately 2.5 L necessitated transfusion of 2 U of blood. Corpectomy at C-7 was achieved and osseous bleeding was easily stopped with bone wax. Extradural hemangioma tissue overlying the dura mater was partially removed, but extensive bleeding prevented complete resection. Cadaveric tibia allograft was used for a bone graft, and standard anterior cervical plate stabilization was performed. Several specimens were obtained intraoperatively and sent to the Department of Pathology for histological examination. No fluoroscopy was used during the operation.
Histological examination demonstrated fragments of bone with prominent vascular channels, vascularized fibrous tissue, and benign vascularized fibroadipose tissue, which were consistent with a diagnosis of osseous hemangioma. Postoperative MR imaging demonstrated subtotal resection of the hemangioma and persistent extradural compression of the spinal canal ( Fig. 1B and E) .
Postoperative Course. After surgery her paresthesias resolved and motor strength in both legs improved to 4+/5 within 1 week. At the time of discharge, the patient exhibited hyperreflexia and clonus in the lower extremities but was ambulating with a walker. There were no complications regarding her pregnancy at any time during her stay in the hospital.
At 40 weeks gestation, the patient delivered a healthy baby by normal spontaneous vaginal delivery. The baby's Apgar score was 8 and 9 and its weight was 3420 g. By the time of delivery, the patient was ambulating independently and had attained full strength in her legs, normal bowel and bladder function, and resolution of pain. Residual weakness and numbness of the left hand was minimal and did not interfere with her normal daily activities. Postpartum MR imaging demonstrated a decrease in extradural spinal com- pression, but extension of the hemangioma into the paravertebral space ( Fig. 1C and F ) was seen. A cervical x-ray film demonstrated a stable fusion graft and normal spinal alignment (Fig. 3 ).
REVIEW OF THE LITERATURE
A review of the literature was conducted by searching PubMed (1950 PubMed ( -2005 for the key words "pregnancy," "hemangioma," "spine," and "vertebrae" and manually searching references in the bibliography of relevant articles published prior to 1950. Only manuscripts or abstracts written in the English language were reviewed. Cases from the literature were included if the patients were found to have a spinal hemangioma affecting vertebrae and/or involving the extradural space and were pregnant at the time of diagnosis. Patients were excluded if the timing of their pregnancy was remote to symptomatic presentation (Ͼ 2 months) and if the lesion was described as intradural.
Twenty-three cases of pregnancy-related vertebral hemangioma were identified ( Table 1) . As noted by Fields and Jones, 14 the first case was reported in 1927 by Balado, whereas half of the cases reviewed were published after 1980. The mean patient age at presentation was 29 years. Eleven women had had previous pregnancies; 1, 6, 9, 14, 19, 21, 26, 34, 35 ,37 six of these women had experienced mild neurological symptoms during prior pregnancies that had resolved after parturition. 14, 19, 21, 34, 35, 37 For nine patients it was a first-time pregnancy. 2, 11, 14, [23] [24] [25] 36 The mean period of gestation at presentation was 7.65 months. Two patients presented after childbirth. 35, 36 Abrupt onset of pain followed by paresthesias and onset of spastic paresis within weeks occurred in most cases. The mean duration of symptoms before treatment or delivery was 7.6 weeks.
Prepartum surgery was performed in seven patients, 19, 26 and two fetal deaths, 23, 25 but all occurred prior to 1985. Prepartum embolization without surgery was reported in one case as producing good neurological recovery; 5, 6 however, long-term follow-up data have not been published. Among patients treated surgically after childbirth, two improved following delivery, 26 two experienced transient improvement followed by decline and persistent deficit, 14, 21 and five deteriorated or had persistent deficits after delivery. 26, 33, [35] [36] [37] Excluding deaths, all patients demonstrated excellent neurological recovery, independent ambulation, and resolution of pain at follow-up review (range 4 months-5 years). Mild paresthesia and weakness not interfering with activities of daily living were found in two patients. 25, 26 Excluding the two perinatal deaths, there were no reports of adverse effects on the infants, and no adverse effects were noted in the children during the follow-up periods reported. In the majority of patients treated with surgery, posterior approaches were preferred, mainly because of the predominance of thoracic-level lesions and the ease of posterior decompression. Anterior approaches, including one case of prepartum thoracotomy, 24 were used in three patients; 24, 33, 35 none led to surgery-related morbidity. Revision surgery for worsening symptoms after the initial surgery was performed in two patients. 34 ,37 DISCUSSION Vertebral hemangiomas are the most common primary spinal neoplasm and are present in 10 to 12% of the population, based on autopsy studies performed in adults. 4, 7, 29, 31, 37 Usually incidental, asymptomatic, and solitary, these are benign vascular lesions that can give rise to symptoms in
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Pregnancy-related vertebral hemangioma: management algorithm rare circumstances. Symptoms include radicular pain in most cases, and neurological compromise can occur in up to 40% of symptomatic cases. Symptoms are thought to develop by the following mechanisms: 1) vascular expansion of a vertebral body, pedicle, lamina, or facet leading to and with direct compression of nerve roots and/or the spinal canal; 2) subperiosteal extension of the hemangioma resulting in an extradural mass compressing the spinal cord; and 3) compression fractures and vertebral collapse secondary to replacement of bone with hemangioma. Rarely, a vertebral hemangioma may cause bleeding with epidural hematoma or vascular steal with spinal cord ischemia.
Vertebral hemangiomas exhibit a classic radiographic appearance of coarse vertical striations, referred to as a honeycomb pattern, on plain spine x-ray films or CT scans. Conventional MR imaging is less definitive for hemangioma, but the high blood content of the lesion demonstrates high T 2 -weighted signal intensity on fat-suppression sequences. Angiograms can also aid in diagnosis and provide a road map for treatment (that is, embolization). The vascular supply to vertebral hemangiomas usually originates from small branches of the intercostal or lumbar arteries that arise proximal to the radicular branches. Certain radiographic features such as neural arch involvement, complete vertebral body involvement, expanded osseous cortex with indistinct margins, an irregular honeycomb pattern of bone, an epidural mass, and fatty stroma are associated with the development of symptoms, 22 which most pregnancy-related cases demonstrate.
The histological appearance of hemangiomas consists of benign vascular proliferation with normal capillary and venous structure. 8, 29, 35 Two types have been described: cavernous or capillary. The most common type of vertebral hemangioma is the cavernous type, which is characterized by large sinusoidal spaces lined by a single layer of epithelium. The capillary type of vertebral hemangioma differs from the cavernous type only by having smaller vascular channels. Whereas asymptomatic hemangiomas occur primarily in the thoracolumbar spine, symptomatic hemangiomas most commonly occur at the thoracic level. 27 Lumbar or cervical locations for symptomatic hemangiomas are exceedingly rare.
As detailed in the report by Fields and Jones, 14 pregnancy-related symptomatic vertebral hemangioma was first described by Balado in 1927. Pregnancy is thought to induce symptoms by altering normal vascular hemodynamics, causing increased blood flow and volume in the hemangioma. Pregnancy itself leads to a 30 to 50% increase in * E = excellent recovery with independent ambulation and no disability at follow-up evaluation; embo = embolization; gest = gestation; grav = gravida; mild = residual weakness or foot drop, or assisted ambulation with cane or walker at follow-up evaluation; ? = not reported.
† Duration of symptoms was determined based on the interval from onset of the first symptoms reported by the patient to the time of diagnosis or parturition.
‡ Maternal outcomes only. § Refers to death without surgery/treatment and prior to parturition.
blood volume when the gravid uterus begins to compress the vena cava during the third trimester. 35, 37 Venous obstruction and increased intraabdominal pressure lead to increased flow through the vertebral venous system and may provide enough stimulus for the expansion and growth of previously existing vertebral hemangiomas. 25, 37 Extradural extension usually occurs in the subperiosteal plane. 10 Alternatively, endothelial proliferation stimulated by estrogen may result in mitogenic enlargement of hemangiomas during pregnancy. Nevertheless, estrogen and progesterone receptors seem to be absent in biopsy samples of pregnancy-related hemangiomas. 35 The third trimester of pregnancy has been reported as the most common time for symptomatic presentation, but second-trimester and postparturition cases have also been reported. 8, 33, 35, 37 Treatment options for symptomatic hemangioma include radiation therapy, embolization, percutaneous sclerotherapy, vertebroplasty, and surgery. Radiation therapy is the treatment of choice for lesions causing pain only. Recent case series in which radiation therapy was used (20-40 Gy over 2-4 weeks) demonstrate a symptom improvement rate of up to 77% 4, 7, 8, 12, 30, 35 and include improvement in neurological conditions in patients presenting with deficits. Risks include delayed radiation-induced myelopathy, which occurs with doses greater than 45 Gy to 50 Gy. Pregnancy is a relative contraindication to radiation therapy, although newer stereotactic radiosurgery modalities may play a role in increasing the safety of radiation therapy during pregnancy. 17 Embolization has been claimed in several case reports to improve symptoms in patients with pain and neurological deficits, 3, 4, 11, 20, 28 but is typically used as an adjunct to surgery to aid in minimizing blood loss. 38 Complications include vascular injury and radiation exposure to the fetus during fluoroscopy. No cases of prepartum embolization for vertebral hemangioma have been reported.
Percutaneous vertebral sclerotherapy and vertebroplasty is a promising new technique that seems to be efficacious in patients with both pain and neurological deficits, 13, 15, 16, 18, 32 but its use has yet to be reported in a pregnant patient. Surgery is the preferred treatment for patients with neurological deficits, especially with rapid onset of symptoms. The advantages of surgery include immediate and direct decompression of the spinal canal and avoidance of fetal exposure to excessive radiation. Disadvantages include significant intraoperative blood loss and the usual risks of surgery and anesthesia for a pregnant patient. During pregnancy, treatment options have included the following: 1) induction of preterm delivery, which places the fetus at a nearly 50% risk of morbidity or mortality if gestation is earlier than 32 weeks; 2) expectant observation and postparturition treatment; or 3) prepartum surgery. Because of the aggressive nature of pregnancy-related vertebral hemangiomas, surgical decompression is usually subtotal. Incomplete resection has been reported to result in up to 20 to 30% recurrence rates, 28 which argues that adjunct therapy is warranted as soon as it is safely possible. Some patients may experience spontaneous improvement in symptoms without treatment postpartum, which allows for less urgent management of the lesion. Future recurrence and deterioration is frequent, however, and argues for early postpartum intervention.
MANAGEMENT ALGORITHM
Although there is no Class I data to support an official recommendation or guideline, there does appear to be a trend based on a review of the cases available. Thus, an algorithm may be considered in the management of symptomatic vertebral hemangioma in pregnancy (Fig. 4) . For patients at 36 weeks of gestation or later, expectant management with observation can be considered, given that these patients have historically recovered well after delivery
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Pregnancy-related vertebral hemangioma: management algorithm of the child and postpartum treatment. If neurological function deteriorates, one can consider induction of delivery or a cesarean section, followed by surgery with or without radiation, embolization, and/or sclerotherapy. Between 32 and 36 weeks of gestation, expectant observation may also be considered, although surgery should be reserved for severe cases of paraplegia with extensive spinal cord compression. One must consider the risk of preterm delivery if surgery is performed prepartum. For patients in whom gestation is earlier than 32 weeks, prepartum surgical treatment should be considered for those who are severely symptomatic. Surgery may be performed safely and will likely improve functional status, which plays an important role in maintaining a healthy pregnancy. If symptoms are mild or moderate, observation is warranted, but severe symptoms are likely to progress before delivery can be performed safely. There is limited experience with prepartum embolization, but it may be a useful technique that can alleviate or stabilize neurological symptoms, allowing for more time before delivery or surgery to optimize safety for the fetus. The risks to the fetus associated with radiation exposure during angiography and embolization must be considered; thus, prepartum embolization may not be suitable for all lesions.
It is important to understand that the overwhelming majority of patients documented in the literature recover well from pregnancy-related vertebral hemangioma, despite long periods of spastic paresis and weakness. According to our historical review, the morbidity and mortality rates after surgery for the pregnant patient and fetus are greater than the chance of permanent neurological deficit posttreatment. For any lesion presenting only with pain and paresthesias, we recommend observation alone. Also, patients being observed should be actively mobilized to prevent venous stasis and possible exacerbation of symptoms on bedrest. Although improvement in untreated patients after delivery has been reported, all patients treated prepartum, unless the lesion is gross totally resected, should be followed and adjuvant therapy considered after delivery because of the risk of recurrence with future pregnancies or with time.
